It is explained why the curvature associated to the vacuum energy density arising from SUSY breaking cannot be completely transferred to the extra spatial dimensions of a bulk space-time manifold, and it is shown -without using hierarchy arguments but only the results of current large-scale observations -why the Tev scale should correspond to the maximal allowed SUSY-breaking scale.
The aim of this paper is to argue that we must expect a phenomenological upper bound of about one TeV on the supersymmetry breaking scale characterizing standard-model interactions, provided i) the space-time in which we live is the four-dimensional section of a curved higher-dimensional bulk manifold, and ii) the vacuum energy density associated to SUSY breaking is gravitating like all other forms of energy. Let us start with two observations which are hardly questionable (at least, at the present stage of understanding of fundamental physics).
The first observation is that supersymmetry is broken, in our four-dimensional Universe, at a scale M SUSY > ∼ 10 2 GeV (as the required superpartners of known particles are not observed, up to this mass/energy scale). This necessarily produces a vacuum energy density (M SUSY /M P ) 4 > ∼ 10 −64 , where M P = (8πG) −1/2 ∼ 10 18 GeV is the reduced Planck mass (as the zero-point energies of boson and fermion fields fail to cancel one another, in general, in the absence of supersymmetry constraints).
The second observation is that such a huge energy density, in spite of its presence, does not bend the geometry of the four-dimensional macroscopic space-time that we are presently observing (as the currently observed level of curvature, at large scales, corresponds to a much smaller vacuum energy density, ρ V /M 4 P < ∼ 10 −120 ). Barring the (exotic) possibility that the vacuum energy associated to a SUSY-broken phase is gravitationally neutral, this second observation provides a compelling motivation for the existence of extra spatial dimensions able to absorb the curvature produced by the four-dimensional energy density M 4 SUSY , and thus characterized by a curvature scale L such that
In that case, our four-dimensional space-time may be seen as a (nearly flat) section of a (highly curved) higher-dimensional bulk manifold -much in the same way as ordinary three-dimensional space, in spite of the energy density it contains, may correspond to a flat section of a curved FRW space-time.
This idea of "off-loading" the gravitational effects of the vacuum energy density along extra spatial dimensions is rather old [1] , but has been recently considered with renewed interest [2] - [5] within the so-called "brane-world" scenario, where standard-model (gauge) interactions are confined on the four-dimensional hypersurface swept by the time-evolution of some fundamental three-brane. Putting aside the problems of naturalness, fine-tuning, self-tuning, . . . possibly associated to the existing examples of this off-loading mechanism, the crucial point (for the purpose of this paper) concerns the supersymmetry properties that the bulk must satisfy (to a high degree of accuracy) for a successful (i.e. realistic) scenario.
In fact, if bulk supersymmetry is broken at a scale M bulk S , it can be shown that our fourdimensional space-time (henceforth brane-world, for short) automatically absorbs from the bulk a vacuum energy density ρ V , which is determined in general by M bulk S and by the bulk curvature scale L. Such a contribution arises from the zero-point energies necessarily associated to the quantum fluctuations of the bulk geometry at the brane position [6] , which are perceived on the brane as towers of massive gravitational excitations not included into the standard (four-dimensional) field multiplets.
In order to evaluate the energy density transferred in this way from the bulk to the brane we may consider an unperturbed background configuration describing a three-brane embedded in a D = (4 + n)-dimensional bulk manifold, whose curvature along the n extra dimensions completely absorbs the huge contribution of brane SUSY breaking, according to Eq. (1). We stress that such a contribution arises from the quantum zero-point energies of all fields localized on the brane, possibly including the massless components of metric fluctuations (representing long-range gravitational interactions) if they are confined on the brane (for instance, through an infinitely attractive potential as in [2] ).
The complete spectrum of metric fluctuations also includes, however, a wide sector of tensor/scalar perturbations which can freely propagate along all bulk directions, and whose oscillations evaluated at the brane position can in principle drag up energy from the bulk to the brane. The effective action for such fluctuations, dimensionally reduced (integrating over the directions orthogonal to the brane), canonically normalized, and evaluated at the brane position, describes massive tensor/scalar fields which, once quantized, generate a zero-point energy density [6] :
Here χ i , i = 1, . . . , n are the momenta along the n extra dimensions, appearing on the brane as a (continuous) spectrum of mass eigenvalues, and Λ, λ are the (possibly different) cutoff parameters in the momentum spaces corresponding to the spatial dimension internal and external to the brane, respectively. We have supposed, for simplicity, that the n extra dimensions are isotropic (all with the same curvature scale ∼ L), and non-compact (but "warped" by the bulk curvature), so as to be associated to a continuous spectrum of momenta χ 2 .
We can now observe that the vacuum energy (2) of the (bosonic) metric fluctuations, in the case of a perfectly supersymmetric bulk, will be exactly compensated by the opposite contribution of the existing bulk fermionic "superpartners". If, on the contrary, bulk supersymmetry is broken at a scale M bulk S , then even subtracting the fermionic contribution the net result for the vacuum energy density is in general non-vanishing. Considering, in particular, a model of broken supersymmetry with the same number of boson and fermion degrees of freedom, subtracting from Eq. (2) the associated contribution of the fermionic components of the gravitational supermultiplet, and assuming the so-called "supertrace" cancellation of the mass-squared terms [7] (as in models of spontaneously broken supersymmetry), we may expect from (2) the leading order result [6] 
We have assumed that λ ∼ M bulk S , since above that scale supersymmetry is restored, and appropriate cancellations are expected to suppress to zero the vacuum energy density sourced by the bulk fields.
It is important to stress that the above result for the vacuum energy density absorbed from the bulk by the brane is valid for LM bulk S > ∼ 1, while it reduces to ρ V ∼ (M bulk S ) 4 when LM bulk S < ∼ 1. In other words, the result for ρ V is bounded from below by
quite irrespectively of the continuous or discrete nature of the spectrum of the metric fluctuations (namely, for both compact and non-compact extra dimensions).
In fact, let us first observe that the result (3), obtained in the case of a continuous spectrum, can also be extended to the case of compact extra dimensions (of proper size L) and discrete spectrum, provided the mass-eigenvalue spacing L −1 is negligible with respect to the energy scale M bulk S (i.e. for LM bulk S > 1). In the opposite case (LM bulk S < 1) in which the discrete nature of the spectrum cannot be ignored, instead, the integral L n d n χ of Eq. (2) is replaced by the (dimensionless) sum operator n over the eigenvalues χ n , and result for ρ V -assuming the convergence of the series of SUSY-breaking corrections at the bulk scale, as before -becomes ρ V ∼ (M bulk S ) 4 . This result can also be understood as a consequence of the Casimir effect which, for L −1 > M bulk S , dominates the vacuum energy density of the compact extra dimensions, leading to an overall bulk energy density (3) is still valid, in principle, but we must take into account that a curvature L −1 necessarily induces a bulk supersymmetry breaking characterized by a scale of the same order [8, 9] . Hence, in this case, bulk supersymmetry is automatically broken up to a scale M bulk S ∼ L −1 , and we are led again to
There are two main conclusions that we can draw from the above discussion. First, when bulk supersymmetry is broken at a scale M bulk S , the quantum zero-point energies of the bulk gravitational fluctuations necessarily induce on the brane a vacuum energy density ρ V which is at least of order (M bulk S ) 4 . Second, even in the absence of specific sources of bulk SUSY breaking, a curved geometry breaks bulk supersymmetry and thus induces on the brane a vacuum energy density ρ V ∼ L −4 . On the other hand, the bulk has to be curved (according to Eq. (1)) in order to absorb the huge cosmological constant M 4 SUSY associated to supersymmetry breaking on the brane. It follows that the process of "off-loading" to the bulk the effects of SUSY breaking cannot have a hundred per cent efficiency: it is necessarily associated to a gravitational "backreaction" assigning to the brane a minimal level of vacuum energy density which, according to Eq. (1), is given (in Planck units) by
Similar results, previously obtained with different arguments [7, 10, 11, 12] , can thus find a confirmation which is fully independent of the number and/or compactness of the extra dimensions.
The above result bring us to the final point of this paper. The vacuum energy density that we are presently observing in our Universe is constrained by large-scale measurements (see e.g [13] ) to be ρ V /M 4 P < ∼ 10 −120 . If our four-dimensional macroscopic Universe is a brane-world embedded in a higher-dimensional bulk, then the SUSY breaking of the (standard-model) fields confined in four-dimensions should induce on the brane the minimal level of vacuum energy density (5) , and the phenomenological constraints on ρ V should consequently determine the following upper bound on the allowed SUSY-breaking scale:
In such a case, supersymmetry effects could become directly observable already within the forthcoming collider experiments (see e.g. [14] ), planned to be sensitive to the TeV scale. The non-observation of supersymmetric effects at the TeV scale should be interpreted as experimental evidence against the existence of supersymmetry, and/or against the physical relevance of the scenario of "bulk-diluted" vacuum energy density discussed in this paper.
In that case, one should possibly apply to other mechanisms for the cancellation of the vacuum energy density (see e.g. [15] ).
